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Specifications 

1. Title of the invention 

Semiconductor memory device 

2. Claims 

1. A semiconductor memory device comprising: 

a «ria..paral!e! conversion circuit that receives a plurality of read data that is para.leily 
output over a plurality of data Hne, constituting a memory array and provides a serial 
•output in accordance with a clock signal from an external source; and 
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a riming control circuit that controls the serial output operation of the aforesaid serial- 
parallel conversion circuit; and 

characterized by: 

the timing for starting the aforesaid serial output operation being set at will by 
specifying the number of cycles of the aforementioned clock signal required between 
activation by an activation control signal from an external source and the sun of the 
aforementioned serial output operation. 

2. A semiconductor memory device described in claim 1 characterized by the aforesaid timing 
control circuit comprising: 

a counter circuit that obtains the aforesaid number of cycles from an external source in 
synchrony with the aforementioned activation control signal and then performs a 
count -down operation in accordance with the aforementioned clock signal; and 
a timing generation circuit which, upon detection of logical "0" for all bits in the 
output signal of the aforementioned counter circuit, creates an internal clock signal that 
is used for a serial output operation. 

3. A semiconductor memory device described in claim I or claim 2 characterized by: 

the aforementioned semiconductor memory device being a dual port memory; and 
the aforementioned number of cycles being provided over a plurality of data 
input/output terminals for random access port use. 
3.Detailed description of the invention 
Field of industrial use 
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The present invention relates to semiconductor memory devices and in particular to an an that 
is effective, for example, when used with a dual port memory that is used for image processing and 
possessing both a random input/output function and a serial input/output function. 
Prior art 

A description of a frame buffer memory used with images to display characters, graphics, etc. 
on a CRT (cathode ray tube) screen is found, for example, in pages 243 through 264 ofNikkei 
Electronics" dated March 24. 1986 published by Nikkei McGraw-Hill. 

The dual port memory described in the aforesaid literature is provided with a random access 
port that is used for the input and output of memory data in one-bit units or several-bi, units, and a 
serial access port that is used for the serial input and output of memory data in units of word lines in a 
memory array. 

Problems to be solved with the present invention 
. As Fig. 4 shows, a dual port memory such as the above is provided with, as external control 
signals, row address strobe signal "RAT. column address strobe signal TaT and write enable signal 
Wand additionally, for example, data transfer control signal DT/TZT. serial output control signal 
"SOT and serial clock signal SC. With a dual port memory, the read data transfer mode - where the 
read data is serially output - is recognized when the levels of the column address strobe signal ~CaT 
aod write enable signal W are high and the level of the data transfer control signal DT / OT is low 
when the level of the row address strobe signal "RAT changes from high to low At this time, the 
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address AX of the word line to be read is provided to externa, tenninals AO through Ai in synchrony 

with the level of the row address strobe signal TXT rising to high, and the read signals from ,he 
memory cells that are connected to the selected word line are set up in the data lines. Also, in 
synchrony with the Jevel of the column address strobe signal "CAS" f a „ ing t6 low which ^ ^ , 

slight delay following the level of .he row address strobe signal ~RAS~ becoming low. the address AY 
of the first column that is to be serially output is supplied to external tenninals AO through Ai. 

Thereafter, when the level of the data transfer control signal "OT/ QE is set back to high, timing 
signal <dt is generated - the timing signal *dt is used to transfer to the data register of the serial access 
port the read data that had been parallelly output to each of the data lines - and. along with that, an 
output operation is begun for the new serial data (data following (AX- AY)) that had been transferred to 
.the data register in accordance with the timing signal** which is generated in synchrony with the serial 
clock signal SC. 

After the level of the data transfer control signal DT7 OT is once set to low. the serial output 
operation begins when the level returns to high. The timing for this is controlled by monitoring the 
output signal of a counter circuit which counts the horizontal pixel location and which is provided in an 
external memory control circuit that drives the said dual port memory. To explain, when the output of 
the read data in the memory cells that are connected to one word line in a dual port memory is near 
completion, the dual port memory is reactivated and the read data in the memory cells of the new word 
line is output to the corresponding data lines. Thereafter, the level of the data transfer control signal 
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DT / OE is returned to high while monitoring when the level of the serial clock signal SC becomes 
low which happens when the value of the counter circuit in the memory control circuit shows the end 
of the serial output operation for the read data from the memory cells connected to the preceding word 
line that had been selected. This then causes the read data in the memory cells that are connected to 
the newly selected word line to be transferred to the data register and initiates a serial output operation. 
This allows a real time data transfer in synchrony with the CRTs dot rate. 

However, improvements in display technology have resulted in the development of high- 
resolution CRTs which have increased the dot rate that determines the rate at which display data is 
serially output This has resulted in a difficulty in maintaining a synchrony between the rising of the 

level of the data transfer control signal DT / OE and the serial clock signal SC To explain, as . 

described earlier, the timing for returning the level of the data transfer control signal OT / OE to high 
is determined by monitoring the output signal of the counter circuit in the memory control circuit. 
This means that as the delay time involved in advancing the counter circuit using the serial clock signal 
SC, and the delay time involved in decoding and monitoring the output signal from the counter circuit 
begin to increase relative to the period of the serial clock signal SC, raising the level of the data transfer 

control signal DT 7 OE in synchrony with the serial clock signal SC becomes difficult. As the 
dotted line in Fig. 4 shows, this results in a timing mismatch between the data transfer control signal 

DT / OE and the serial clock signal SC. and in particular, a delay in the level of the data transfer 
control signal DT /OE rising with respect to the rise in the level of the serial clock signal SC. This 
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then results in shortening the duration of the timing signal <pdt which is used for transferring to the data 
register the read data from the memory cells that are connected to the newly selected word line. This 
results in an unstable serial data transfer operation and a disruption of the displayed images. 

It is the object of the present invention to provide a semiconductor memory device such as a 
dual port memory with a stable serial data transfer operation. 

The aforementioned object and other objects of the present invention and its new features will 
become apparent from the description in the specification and the attached figures. 

Means for solving the problems 

The following is a brief description of an overview of a representative embodiment among the 
embodiments disclosed in the present application. To explain, during data transfer in a dual port 
memory, the timing for starting the transfer of data to the data register is set at will by specifying the 
number of clock signal cycles required between the activation of the data transfer cycle and the 
initiation of the transfer operation. 

Operation 

When the data transfer operation is about to start in a dual port memory, the aforesaid means 
allows the clock signal position where the data transfer operation is to begin to be specified at will in 
accordance with the counter value of a counter circuit in a memory control circuit. Furthermore, since 
a count-down counter circuit provided within a dual port memory is used to perform the transfer 
operation in synchrony with a clock signal, a semiconductor memory device such as a dual port 
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memory with a stabilized display data transfer operation is realized. 
Embodiments 

Fig. 2 shows a block diagram of one embodiment of a dual port memory where the present 
invention is applied. The respective circuit blocks shown in the said figure are Typically formed on, 
although not restricted to, a single semiconductor substrate such as a single crystal silicon using 
semiconductor integrated circuit fabrication technology of the public domain. 

The dual port memory of this embodiment is provided with a random access port that is 
accessed in units of 4 bits and whose basic structural element is a dynamic RAM, and a serial access 
port where memory data is serially input and output ip units of a word line. This allows the dual port 
memory to engage in a series of serial input/output operations simultaneous with accesses made to the 
random access port. Also, although not restricted by this, a random input/output circuit RIO that is 
included in the random access port is provided with a logical operation circuit for performing raster 
operations, etc. A function control circuit that controls the said logical operation circuit is also 
provided. The logical operation circuit is provided with various operation functions such as logical 
multiplication and logical addition, and which operation to perform is specified with a [logical] 
operation code which is specified by particular combinations of the control signals which are input 
through external terminals AO through A3 for the address signals. 

The serial access port is provided with a serial input/output circuit SIO. Ordinarily, memory 
data corresponding to four memory arrays are simultaneously and serially input and output through 
four serial input/output terminals SIOl through SI04. However, a specific combination of [logical] 
operation codes can be used to specify the use as a memory with a xl bit configuration wherein read 
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data that are output from the four memory arrays are "alternately output from input/output terminal 
SIOI. 



From an external device, in addition to row address strobe signal RAS . column address 

strobe signal "CAT, write enable si g nal W and other control signals which are used in ordinary 

dynamic RAMs, the dual port memory is provided with data transfer control signal "DTTOE" which is 
used for output control and for controlling tlie data transfer between the random access port and the 

serial access port, the serial output control signal ~SOE" which is used for controlling the switching 
between input and output operations by the serial access port, and the serial clock signal SC which is 
used as a synchronization signal during serial input and output operations. 

Although not restricted by this, this embodiment of the dual port memory is provided with four ^ 
memory arrays. M-ARY1 through M-ARY4. and sense amplifiers SA1 through SA4 and column 
switches CSWI through CSW4 which correspond to the respective memory arrays. A column 
address decoder RCD and a row address decoder RD, common to memory arrays M-ARY t through M- 
ARY4. are also provided. A plurality of such address decoders may be provided depending on the 
arrangement of the memory arrays on a semiconductor substrate. Fig. 2 shows memory array M- 
ARY1 and hs peripheral circuitry for illustration purposes. 

In Fig. 2, memory array M-ARY 1 comprises (m + 1) word lines that are arranged in a direction 
perpendicular to the said figure, (n + 1) sets of complementary data lines arranged in a direction 
horizontal with the said figure, and (m + 1) x (n + 1) pieces of memory cells which are located at the 
intersections of the said word lines and complementary data lines. 
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The dynamic memory cells which configure the memory array M- ARY I are constructed of 
capacitors for data storage and MOSFETs for address selection. The gates of the MOSFETs for 
address selection for the (n + I) pieces of memory cells that are arranged along the same row are 
connected to the corresponding word line. Each word line is furthermore connected to the row 
address decoder RD so that one word line that is speoified by the X address signal AXO through AXi Is 
specified and selected. 

The row address decoder "RD decodes the complementary internal address signals axO through 
axi (here the internal address signal, for example, axO with the same phase and the internal address 

signal axO with the opposite phase as the X address signal AXO that is supplied from an external 
source are collectively represented as complementary internal address signal a*0. the same convention 
is used hereinafter) that are supplied by row address buffer RADB, selects one word line that is 
specified by the X address signals AXO through AXi and sets the selection state level to high. The 
selection operation of a word line by the row address decoder RD is performed in accordance with the 
word line selection timing signal <px that is supplied by the timing control circuit TC. 

The row address buffer RADB receives the row address signal from address multiplexer AMX, 
forms complementary internal address signals axO through axi and supplies the signals to the row 
address decoder RD. The dynamic RAM of this embodiment uses the so-called address multiplex 
method wherein the X address signals AXO through AXi which specify the row address and the Y 
address signals AYO through AYi which specify the column address are time-division multiplexed and 
supplied through the same external terminals AO through Ai. The X address signals AXO through 
AXi which are supplied from an external source as control signals are fed to external terminals AO 
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through Ai in synchrony with the level of the row address strobe signal ~RAS~ falling, and the Y 
address signals AYO through AYi which are supplied from an external source as conirol signals are fed 
to external terminals AO through Ai in synchrony with the level of the column address strobe signal 



CAS falling. Furthermore, the dynamic RAM of this embodiment is provided with an automatic 
refresh mode wherein data stored in the memory cells are read and rewritten using a prescribed period. 
Therefore, a refresh address counter R£FC is provided to specify the word line to be refreshed in the 
automatic refresh mode. 

In accordance with the timing signal *ref which is provided by the timing control circuit TC. 
the address multiplexer AMX selects the X address signals AXO through AXi that are supplied via 
externa] terminals AO through Ai and the refresh address signals cxO through cxi supplied by refresh 
address counter REFC and transfers the signals to row address buffer RADB as row address signals. 
To explain, when the level of the timing signal *ref is low meaning an ordinary memory access mode, 
the address multiplexer AMX selects the X address signals AXO through AXi that are supplied by an 
external device via external terminals AO through Ai; when the level of the timing signal *ref is high 
meaning an automatic refresh mode, the address multiplexer AMX selects the refresh address signals 
ocO through cxi that are supplied by the refresh address counter REFC. 

As afore-described, since the X address signals AXO through AXi are supplied to external 

terminals AO through Ai in synchrony with the falling level of the row address strobe signal ~RAS~, 
the row address signals are obtained by the row address butter RADB in accordance with the timing 
signal <tas which is generated by the timing control circuit TC by detecting the falling level of the row 
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address strobe signal RAS . 

The drains of the MOSFETs used for selecting the addresses of the memory cells that are 
formed along the same column in memory array M-ARY1 are connected to the corresponding 
complementary data line. One end of each complementary data line in memory array M-ARY1 is 
connected to the corresponding switch MOSFET of the column switch CSW1 and, furthermore, is 
selectively connected to the complementary common data line CDI (here the noninverting signal line 

CDI and inverting signal line CD I of the complementary common data line are collectively 
represented as complementary common data line £D0, the same convention is used hereinafter.). 

The column switch CSW1 comprises (n + 1) pairs of switch MOSFETs which are connected to 
their corresponding complementary data lines. The other ends of these switch MOSFETs are 

commonly connected to the noninverting signal line CDI or inverting signal line CDI which 
constitute the complementary common data line. This allows the column switch CSWl to selectively 
connect (n + 1) sets of complementary data with common complementary data line CD 1 . The gates 
of the two switch MOSFETs in each pair which constitute the column switch CSW I are commonly 
connected and are provided with the data line selection signal which is created by the column address 
decoder RCD for the random access port. 

The column address decoder RCD for the random access port decodes the complementary 
internal address signals ayO through ayi that are supplied by the column address buffer CADB, and, in 
accordance with the data line selection timing signal <pyr supplied by the timing control circuit TC, 
forms the aforementioned data line selection signal which is then supplied to column switches CSWl 
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through CSW4, 

The timing control circuit TC detects the falling level of the column address strobe signal 

CAS and generates the corresponding signal #ac. In accordance with the signal #ac, the column 
address buffer CADB receives and holds the Y address signals AYO through AYi supplied through 
external terminals AO through Ai and forms the complementary internal address signals ayO through 
ayi which are then supplied to the column address decoder RCD for the random access port. 

The other ends of each complementary data lines in memory array M-AR Y I are connected to 
the corresponding unit circuits of sense amplifier SA1 and furthermore to the corresponding unit 
circuits of data register OR I of the serial access port. 

Latches comprising two cross-connected CMOS inverter circuits are used as the basic 
structural elements of the unit circuits in sense amplifier SA1. Each of the said sense amplifier unit 
circuits is set in the operation mode by the timing signal #pa which is supplied by the timing control 
circuit TC, amplifies the micro-signals that are read from a memory cell and output to its corresponding 
complementary data line, and forms a binary signal with a high level or a low level. 

The complementary common data line £D1 to which the complementary data line that is 
specified by the Y address signals AYO through AYi is selectively connected is connected to the 
input/output circuit RIO for the random access port. Complementary common data lines CD2 through 
CD4 which are provided corresponding to memory arrays M-ARY2 through M-ARY4 are similarly 
connected to the random access port input/output circuit RIO. 

When the dual port memory is in the random access port write operation mode, the random 
input/output circuit RIO, which is set in the operation mode by the timing signal $?cw supplied by the 
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timing control circuit TC. receives write data from an external device through input/output terminals 
101 through 104 and transfers the said write data as complementary write signals to the complementary 
common data lines CDl through CD4. Furthermore, when the dual port memory is in the random 
access port read operation mode, the random input/output circuit RIO. which is set in the operation 
mode by the timing signal *rr supplied by the timing control circuit TC. receives binary signals that are 
read from the memory cells over complementary common data lines CDl through CD4. amplifies the 
said binary signals and then outputs the said binary signals from input/output terminals 101 through 
104. Although not restricted by this, the said random input/output circuit RIO is provided whh a 
logical operation circuit that uses the read/modify/write function to perform various [logical] operations 
between the input data and data read from the memory cells and then rewrites the results. The said 
logical operation circuit is provided with various [logical] operation modes for performing processes 
such as a raster operation. 



circuit 



The operation mode of the logical operation circuit is specified by the function control 
FC which comprises a register for holding the operation codes which are supplied through external 
terminals AO through A3 and a decoder which decodes the said operation codes and selects and 
specifies the operation mode of the logical operation circuit. When the level of .he column address 



strobe signal CAS is set to low before the row address strobe signal ~RAS~ is. and if the level of the 

write enable signal W is low at the same time, the operation codes are supplied to the dual pon 
memory via external terminals AO through A3. Furthermore, the specific combinations of the 
operation codes are used as internal control signal sp which sets the output of the serial input/output 
circuit SIO described hereinbelow in the so called x I bit configuratic 



tion. 



13 



As described hereinbelow, when the dual port memory is in the serial read operation mode, the 
external terminals 10 1 through 104 for dara input and output are provided with the number of cycles of 
the serial clock signal SC required for starting the serial output operation after the serial read operation 
mode is activated. With the dual port memory of this embodiment, this arrangement allows the 
timing when the serial output mode will begin after its activation to be set at will and enables a serial 
output operation that is synchronized in a stable manner with the serial clock signal SC whose period 
will be short when the dot rate is high. The data on the number of cycles that is supplied to external 
data input/output terminals 10 1 through 104 is sent to timing control circuit TC as internal signals iol 
through io4. 

The serial access port of the dual port memory of this embodiment comprises data registers 
DR1 through DR4 of (n + 1) bits corresponding to the complementary data lines in each memory arrays, 
data selectors DSL I through DSL4, pointer PNT. column address decoder SCD for the serial access 
port and serial input/output circuit S10, the latter three being commonly provided for the aforesaid four 
data registers and data selectors. Incidentally, depending on the layout of the memory arrays on a 
semiconductor substrate, a plurality of pointers PNT and a plurality of the column address decoders 
SGD for the serial access port may be provided. 

Corresponding to the complementary data lines in the memory array M-ARY 1 , the data 
register DR1 includes (n + I) pieces of flip-flops for data latching purpose. Switch MOSFETs for 
data transfer use are provided between the input/output nodes of the said flip-flops and their 
corresponding noninverting signal line and inverting signal line of the complementary data lines. 
Timing signal <pdt for data transfer use output by the timing control circuit TC is supplied to the gates 
of the aforesaid MOSFETs. 
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Each bit of the data register DR. I is connected to its corresponding switch MOSFET of data 
selector DSL1. The data selector DSL1. which is similarly constructed as the a described column 
switch SWl, selectively connects each bit of the data register DM with the complementary common 
datalineCDSl used for serial input and output. The gates of each pair of switch MOSFETs of data 
selector DSLI are commonly connected and are provided with the register selection signal from pointer 



PNT. 



The pointer PNT comprises a latch circuit (pointer latch) which holds the serial operation start 
bit that is specified by the column address decoder SCO for the serial access port, shift register with (n 
+ 1) bits, and a switch circuit consisting of an n-channel MOSFET that is provided between the 
aforesaid latch circuit and the aforesaid shift register. The output terminal ps for the last bit in the said 
shift register is connected to the input terminal for the first bit. Furthermore, the aforesaid timing 
signal «h is commonly supplied to the gates of the aforesaid switch MOSFETs. When the dual port 
memory is in the serial input/output mode, the shift register of pointer PNT engages in a looping shift 
operation in accordance with the shift clock timing signal * that is supplied by the timing control 
circuit TC. The selection signal that is held by the pointer latch circuit is supplied to the shifter 
register as hs initial value when the level of the timing signal «dt becomes high. 

The column address decoder SCD for the serial access port decodes the complementary 
internal address signals ayO through ayi which are supplied by the column address bufTer CADB and 
sets only the bit of pointer PNT corresponding to the first bit of the serial input/output specified by the 
Y address signals AYO through AYi to a logical -|- To elaborate, when the serial input/output mode 
is being used, the word line is selected by the X address signals AXO through AXi. and Y address 
signals AYO through AYi specify the address of the first column where the serial input and output is to 
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. be performed. The logical "1" signal that is writtenio the specified bit of pointer PNT by the column 
address decoder SCO for the serial access port is shifted in a loop inside pointer PNT in accordance 
with timing signal *& The said shifting of the logical " 1 " si S naI results in a register selection signal 
with a high level to be sequentially supplied to the data selector DSL1. This then results in each bit of 
~<Uu register DR1 to be successively connected to the complementary common data line CDS I used for 
serial input and output. With the dual port memory of the present embodiment, this arrangement 
allows the serial input and output of the memory data to be started from any desired column address 
which in turn allows processes like scrolling on an image memory to be performed at a high speed. 

In the foregoing manner, when the dual port memory is in the serial read operation mode, the 
(n + 1) bits of read data that are output over (n + 1) sets of complementary data lines in memory array 
M-ARYl are stored in data register DR1 when the level of timin S *dt becomes high. At the same 
time, with respect to pointer PNT, when the level of timing <dt becomes high, the selection signal that 
is held by the pointer latch is transferred to the shift register as the initial value. In accordance with 
the register selection signal that is successively sent from pointer PNT. read data is sent to the serial 
input/output circuit SIO via the complementary common data line CDS1 for serial input and output. 
On the other hand, when the dual port memory is in the serial write operation mode, the write data 
which is serially sent from serial input/output terminal SIOl via serial input/output circuit SIO is 
sequentially provided to the corresponding bit of the data register DM in accordance with the register 
selection signal that is successively sent from pointer PNT. When the level of timing *dt changes to 
high, the write data which was stored in data register pR I is written, all at once, to the <n «■ 1) pieces of 
memory cells which are connected to the selected word line in memory array M-ARY I . 

The serial inputyoutput circuit SIO includes a data input buffer, a data output buffer and four 
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main amplifiers which arc provided corresponding to serial input/output terminals S101 through SI04 
and complementary common data lines CDS1 through QDS4 used for serial input and output. When 
the dual port memory is in the read data transfer mode, the data output buffer of the serial input/output 
circuit SIO is set in the operation mode when the level of the timing signal <^r from the timing control 
circuit TC becomes high, and the data that is output over the corresponding complementary common 
data lines CDS1 through CDS4 for serial input and output and then amplified by the corresponding 
main amplifiers is output to an external device using the serial input/output terminals SIO I through 
SICX When the dual port memory is in the serial write operation mode; the data input buffer of the 
serial input/output circuit SIO is set in the operation mode when the level of the timing signal *sw from 
the timing control circuit TC becomes high, and the write data that is supplied from an external device 
over the corresponding serial input/output terminals S101 through SI04 is transferred as 
complementary write data signals to the corresponding complementary common data lines CDS I 
through CDS4 for serial input and output. -The serial input/output circuit SIO performs the serial input 
and output operation on the memory data in accordance with timing signal <pc which is generated by 
the timing control circuit TC based on a serial clock signal SC that is supplied from an external source. 

As described above, with the dual port memory of this embodiment, the serial output signal of 
the serial input/output circuit SIO is ordinarily output four bits at a time using the four serial 
input/output terminals S101 through S104. However, to realize a serial memory with a larger 
memory capacity, it is possible to use the dual port memory as a memory with the so-called xl bit 
configuration where data that is read and output from four memory arrays, M-ARY I through M-ARY4, 
is serially output through one serial input/output terminal. In this case, as mentioned earlier, one of 
the combinations of the operation codes which control the operation mode of the logical operation 
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. circuit in the random input/output circuit RIO is used as internal control signal sp which specifies a xl 
bit configuration for the serial output. When the level of the said internal control signal sp from the 
function control circuit FC becomes high, a multiplexer that is provided in the serial input/output 
circuit SIO sequentially selects the read data that is serially output over the four sets of serial 
input/output complementary common data lines CDS1 through CDS4 and outputs to an external dcvice'- 
using one serial input/output terminal SIOl. Since this serial output is performed in accordance with 
timing signal <pc from the timing control circuit TC, the data rate becomes the same as what the data 
rate would be for each input/output terminal had the four serial input/output terminals SIOl through 
SI04 been used to perform a serial output four bits at a time. 

The timing control circuit TC receives from an external source, as control signals, row address : 

strobe signal RAS , column address strobe signal CAS , write enable signal WE , data transfer 

control signal DT / OE , and serial output control signal SOE and forms the various aforesaid 
timing signals and supplies them to the different circuits. The timing control circuit also uses the 
serial clock signal SC supplied from an external source to generate the timing signal <pc which is used 
for synchronizing the serial input/output operation and supplies the said signal to the serial input/output 
circuit SIO. 

The operation mode of the dual port memory is specified by suitably combining the various 
control signals. For example, if the level of the row address strobe signal RAS is low already and if, 
when the level of the column address strobe signal CAS becomes low, the level of the write enable 
signal WE is high, the ordinary read operation mode using the random access port is selected, ff the 



tft 



level of the row address strobe signal ~RaT is low already and iC when the level of the column 

address slrobe signal TaT becomes low. the level of the write enable signal WE is low. the 
ordinary write operation mode using the random access port or the Pogical] operation write operation 

mode is selected. Furthermore, if, when the level of the row address strobe signal ~RAT falls, the 

level of the write enable signal W is high and the level of the data transfer control signal "dT/UT 
is low, the read data in the memory array is transferred to data registers OR I through DR.4, and the so- 
called data transfer mode is selected for serially reading the data. 

As described above, when the dual port memory of the present embodiment is in the data 

transfer mode, when the level of the row address strobe signal "RAT falls to low. in synchrony with 
this change in level, the number of cycles of the serial clock signal SC required from activation until 
the start of the next data transfer operation on the serial read data is set in external terminals 10 1 
through 104 used for data input and output. Because of this, the timing control circuit TC is provided 
with counter circuit CTR which receives the data on the number of cycles via the data input/output 
terminals 101 through 104 and performs a count-down operation in accordance with the serial clock 
signal SC. The read data that is output to the respective data lines is transferred to data registers DR 1 
through DR4 in accordance with the timing signal *dl which is generated when ihe value of counter 
circuit CTR in the timing control circuit TC becomes "0." The said data is then output by the serial 
input/output circuit SIO to the outside via serial input/output terminals SIO I through S104 in 
accordance with the timing signal <pc. 
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Next, if; when the level of the row address strobe signal RAS falls, the levels of the data 

transfer control signal DT / OE and the write enable signal WF are both low and the level the 

serial input/output control signal SOE is high, the timing control circuit TC sets the dual port 
memory in the serial write operation mode, and the serial write data that is supplied via serial 
input/output terminals SIOI through SI04 is fed to data registers DRl through DR4. On the other 

hand, if, when the level of the row address strobe signal RAS falls, the levels of the data transfer 

control signal DT / OE and the write enable signal WE are both low and the level of the serial 

input/output control signal SOE is also low, the write data transfer mode is selected, and the transfer 
timing signal <pdx is generated. This sets the transfer switch MOSFETs of data registers DRl through 
DR4 in an ON state. This results in the afore-described serial write operation mode, and the write 
data stored in data registers DRl through DR4 are fed all at once to (n + I ) bits of memory cells that 
are connected to the selected word line in the memory array. The serial write operation using the 
serial access port of a dual port memory is realized by executing the write data transfer mode in 
combination after executing the afore-described serial write operation mode. 

On the other hand, if the level of the column address strobe signal CAS changes from high 
to low before the level of the row address strobe signal RAS falls to low, the so-called CAS 
before RAS refresh mode is selected. Also, if the level of the write enable signal "WE" is already 
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taw wta, *. lwl of ,„« row , ddres ^ sislM| ^ fj||s ^^^^ ^ ^ ^ 
cyde is „d ft. [tagic., code ^ is ^ vjj ^ [emiinjis ao ihTO8h 

A3 is stored in the register in the function control circuit FC. 

With all of the operation modes other than the afore-described [logical] operation mode setting 
the X address signals AXO through AXi which specify the word line are supplied to the extemai 

terminals AO through Ai in synchrony with the falling level of the row address strobe signal luT. 
Also, if a particular operation mode requires a column address, the Y address signals AYO through AYi 
which specify the complementary data line are supplied to external terminals AO through Ai in 

synchrony with the falling level of the of the column address strobe signal TaT. 

Fig. 1 shows a circuit diagram of a part of one embodiment ofthe timing control circuit TC for 
a dual port memory shown in Fig. 2. 

As previously stated, with the dual port memory of this embodiment, the data input/output 
external terminals 101 through 104 are used to specify, using a binary representation, the number of 
cycles ofthe serial clock signal SC that is required from the activation ofthe dual port memory by the 

level ofthe row address strobe signal "RAT becoming low until the start of the data transfer operation 
on the read data. The said number ofcyc.es is supplied as internal data iol through io4 to the 
corresponding bits in the counter circuit CTR in the timing control circuit TC. 

Another timing generating circuit is provided within timing control circuit TC, and from the 
said other timing generating circuit, the counter circuit CTR receives .he timing signal *s which is 
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generated in synchrony with the falling level of (he row address strobe signal RAS The counter 
circuit CTR also receives the [counter] advancing timing si S nal <tcp which is created within the timing 
control circuit TC shown in the said figure. 

The inverted output signals ~CT through ~CT from each bit in the counter circuit CTR are 
supplied to the four input terminals of the AND gate circuit AG1. The level of tin: output signal ctrO 

of the AND gate circuit AG1 is set to high when the inverted output signals "CT through ~CT of the 
counter circuit CTR are all logical "0." that is. when the value of the counter circuit CTR becomes "0 " 
The output si S nal ctrO of the AND gate circuit AG I is fed to one input terminal of the NAND 
gate circuit NAG1 and, after the said output si S nal has been inverted by inverter circuit N3. also to one 
input terminal of the AND gate circuit AG2. The other input terminal of the NAND gate circuit 
NAG1 receives the output si S nal srm from a flip-flop which is not illustrated after the said output 
signal srm has passed through a suitable delay means (for example, an even number of inverter circuits). 
The said output signal srm from the flip-flop which is not illustrated is set if. when the level of the row 

address strobe signal "RAT falls from high to low. the levels of the column address strobe signal 

"CAS" and the write enable signal W are high and the level of the data transfer control signal DT7 

Wis low. In other words, the output si S nal srm of the said flip-flop is used as a mode signal which 
specifies the read data transfer cycle of the dual port memory. Given this setup, the level of the output 
signal of the NAND gate circuit NAG 1 becomes low when the levels of the output signal ctrO of the 
AND S ate circuit AG I and the mode signal srm are high. The output signal of the NAND gate circuit 
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0. .npu, terrain* of ,he NOR g.,, circuit N0G1 whi.e ,h. output of , he ^ ^ ^ 

signal of the NOR g.,e circuit NOG! t M ,„ pointer PNT „ liming ^ „ ^ ^ 
when the ,„„ of lh . mode !isn „ „ „ hig „ ^ ^ ^ ^ ^ . ^ ^ ^ 

data transfer mode, the level of the timing signal £dt is temporarily set 10 high for a prescribed amount 
of ume when ,„. M 0 f,he output si srl al ctrO of the AND sate circuit ACI is high. 

Seriddocksign^SCtrathaspastedthroughinvenerdrcuitsN! and N2 is fed , 0 ,,„ other 
input termina, of *. AND ^ ^ Mz m ma „ s ^ ^ ^ ^ ^ ^ ^ 

AND gate circuit AG2 becomes high when ,h, lev,, of ,h. output signal ctrt, of,,,, AND gate circuit 
AG. is ,ow. the level of ,he output signs, of ,he inverter circuit N3 is high. ,ha, is. when ,h. va,ue of 
counter ctai, CTR is no, "0.- and ,he leve, of ,he seria, CoC sign,, SC is high. ,„ other words 
» output signs, of ,h. AND gate circti, AG2 se„.s as a timing signa, W p which advances and counts 
down the counter circuit CTR until the vaiue of the counter circuit CTR becomes TT Also. ,he sens, 

Cock sign., SC that has passed through inverter circuits N I and N2 becomes timing sign,, «. 

Fig. 3 shows a timing char, of one embodiment which is used ,o exphtin ,„e operation of the 

read data transfer mode fo, a dua, port memory that inCudes , he timing control circuit TC shown in Fig . 

< [sic]. An overview of the read transfer mod, of the dual port memory of this .mbodimen, is 

explained with reference to Fig. 3. 

I» Fig- 3. the dua« port memory is activated when the level of the row address strobe signal 
"TO- change, from high ,o low. Prior to the level of the row address strobe signa. "raT fa „i„ g 
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from high » low. ,„« levels of*. column address strobe signal CAS and w„,e e»..l« signal W 

are set to high, and *« level of the data transfer "^'" 5r " « » X 

sign* AXO through AXi which specif, the wordune are fed ,o the externa! terminals AO through Ai. 
and .benumb* of serial Code sign.. SC cycle, en which tnus.ei.pse between the level ofth. row 

external terminals 101 through 104 used for data input and output. 

The number of cycles ctrz is determined by the counter vaiue of a counter circuit which is 
included in a memory control circuit that is externa, to the dua. port memo,, a„d which is used fo, 
controlling the horizontal pixel location on a CTR (sic]- To explain. leningN, rcpresenttne counter 
value corresponding ,0 the last bi, in one word line worth of read data and M represent the count. ; 
value when the reve, of the row address strobe sign., "RaT is to U. the number of cycles «» is 
determined as follows: 

ctrz«N.-N2 

The level of the column address stroo. signa! "CST changes from high ,0 low with a slight 
deUy^.h...«lof.h«rowaddr«sstrobesi 8 naniArr„,s. 

address strobe sign., TaT fa„in S *=« »* » <~ *• — ° f "" *" *"* ** 
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first during a serial output operation is supplied to external terminals AO through Ai as Y address 
signaJs AYO through AYi. The levels of the row address strobe signal "raT. column address strobe 



signal CAS , write enable signaJ WE and data transfer control signal DTToT are returned to high 
after the counter value of the counter circuit CTR has become "0" and the serial output operation has 
been started. 

With the dual port memory, when the level of the row address strobe signal RAS falls, the X 
address signals AXO through AXi are stored in the row address buffer RADB. and a word line selection 

operation is performed. When the level of the row address strobe signal RAS falls, the level of the 
mode signal srm is set to high, the timing signal «cs is generated, and the number of cycles ctrz which 
is supplied to external terminals .101 through 104 used for data input and output are stored in the 
counter circuit CTR. This makes the output of the counter circuit CTR to a value other than "0." and 
the level of the output signal ctrO of the AND gate circuit AG 1 shown in Fig. I becomes low. When 
the level of the output signal of the said AND gate circuit AG I becomes low. that is. when the level of 
the output signal of the inverter circuit N3 becomes high, the output signal of the AND gate circuit 
AG2. that is. the timing signal ^cp for advancing the counter circuit CTR is generated. Whenever the 
level of the said timing signal *cp becomes low. the counter circuit CTR counts down from the value 
of the number of cycles ctrz that was initially stored toward the value of "0." 

While the counter circuit CTR is counting down the serial clock signal SC. the word line 
selection operation is completed in the dual port memory, and the data that is read from the (n + I) 
memory cells that are connected to the selected word line is set in their corresponding complementary 
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dm line*. Also, when the level of the column address strobe signal TXT falls, lhe Y address 
signals AYO through AYi are received, and the column address decoder SDC for the serial access port 
begin, selecting a data line. At the same time that the said column address decoder SCO for the serial 
^ access port completes the decoding process, the timing signal «ys is created, and a logical T is set in 
the bits of pointer PNT corresponding to the Y address signals AYO through AYi. 

As the counter circuit CTR counts down and when the counter value becon.es -0." the level of 
the output signal ctrO from the AND gate circuit AG1 becomes high which causes the level of the 
output signal of the inverter circuit N3 to become low and stops the timing signal «cp which is used for 
advancing the counter circuit CTR. Also, timing signal *dt is created and the read data tlutt had been 
set in each of the data lines is transferred to data registers DR1 through DR4. Furthermore, timing 

signal <*r is generated in synchrony with the serial output control signal 1oT which controls the 
data output buffer DOB of the serial input/output circuit SIO. 

With the timing signal *sr at a high level, the serial input/output terminals SIOl through SI04 
changes from a high-impedance state Hz to a level commensurate with the read data in the first address 
specified by Y address signals AYO through AYi. This commences the output operation of the read 
data. 

With the levels of the mode signal srm and the output signal ctrO of the AND gate circuit AG1 
being high, the timing control circuit TC generates timing signal <c which is used for shifting and is 
synchronized with the serial clock signal SC. The said timing signal *c is supplied-.o the serial 
input/output circuit SIO and the pointer PNT. This causes the logical T sign*, that had been se, by 
the selection operation of the column address decoder SCD for the serial access pon in the bits of 
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pointer PNT corresponding to the Y address signals AYO through AYi to shift in a loop. This causes 
the read data that had been stored in data registers DRI through DR4 to be output to serial input/output 
terminals SIOl through SI04 via the serial input/output circuit SIO and the complementary common 
data lines CDS I through £DS4 for serial input/output use. The shifting of the pointer PNT with the 
timing signal <pc happens in synchrony with the level "of the said timing-signal rising from low to high. 
The pointer PNT ignores the first pulse from the timing signal <pc so as to secure an output time width 
for the first data. 

As the serial output operation for the read data progresses as dictated by the timing signal <pc 

and when the last read data is output, the level of the serial output control signal SOE is returned to 
high which causes the level of the mode signal srm to become low which, in turn, causes the level of 
the serial output timing signal #sr to be set to low in synchrony with the level of the serial clock signal 
SC rising to high. This stops the serial output operation of the dual port memory, and the serial 
input/output terminals SIOl through SI04 are set in a high-impedance state. 

As the foregoing description shows, when the dual port memory of the present embodiment is 
m the read data transfer mode, the number of cycles ctrz of the serial clock signal SC required between 

the level of the row address strobe signal RAS becoming low and the start of the serial output 
operation of the read data is specified in synchrony with the level of the row address strobe signal 



RA3T becoming low, The said number of cycles ctrz is set in the counter circuit CTR in the liming 
control circuit TC as an initial value for starting the count down operation. When the counting down 
by the counter circuit CTR ends and the counter value becomes "0/- the serial output operation of the 
read data is begun. This allows the serial output operation of the dual port memory to be performed in 
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. accurate synchrony with the serial dock signal SC and the scanning timing of the CTR [sic] and 
thereby provides stable displayed images even when an external high-resolution CTR [sic] with an 
extremely high dot rate for the displayed data is used. " 

As the foregoing description of the present embodiment shows, a semiconductor memory 
device such as a dual port memory that uses the present invention for image processing provides the 
following effects, namdy: 

(1) When a dual port memory is in the read data transfer mode, by specifying - in synchrony wiih the 
activation control signal - the number of cycles of the serial clock signal between the activation and 
the start of the serial output operation on the read data and by counting down using the counter 
circuit provided in the timing control circuit TC, the serial output operation on the read data can be 
started with a timing that is synchronized in a stable manner with the serial clock signal. 

(2) Because of ( I ) above, a real time transfer of the read data can be performed in accurate synchrony 
with the serial clock signal SC and the scanning timing of the CTR [sic] and thereby provides stable 
displayed images even when an external high-resolution CTR [sic] with an extremely high dot rate 
for the displayed data is used. 

The invention made by the inventor has been described hereinbefore in concrete terms using 
one embodiment of the invention, but the present invention is not restricted by the said embodiment. 
Needless to say, various modifications are possible without deviating from the gist of the invention 
For example, the timing control circuit TC of Fig. I coordinates the liming by performing a count down 
operation with the counter drcuit CRT. However, it is also acceptable to store the number of cydes 
ctrz of the serial clock signal SC supplied from the outside in a register and to count up the counter 
circuit CTR and to start the serial output operation when the output of the counter circuit CTR matches 
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the number of cycles ctrz set in the register. It is also acceptable to decode the number of cycles ctrz, 
set a logical "P in the corresponding bit of a separately provided shift register, shift the said shift 
register using the serial clock signal SC, and Stan the serial output operation when the said logical T 
has reached a prescribed position. With the present embodiment, the number of cycles ctrz is 



provided in synchrony with the falling level of the row address strobe signal RAS . but it is al 



so 



acceptable to do this in synchrony with the falling level of the column address strobe signal CAS 
Furthermore, it is acceptable for the dual port memory shown in Fig. 2 to comprise only one memory 
array or for the input/output circuit RIO for the random access port to be not provided with a logical 
operation circuit. In this manner, various modifications are possible in the block configuration, the 
combination of the control signals, etc. that are used. 

Even though the description hereinbefore of the present invention was provided as applied to a 
dual port memory, the present invention is not restricted to use with dual port memories. For example, 
the present invention can be used with various multi-port memories with a serial input/output function. 
At the least, the present invention can be used with semiconductor memory devices whose serial output 
operation is controlled by control signals and a clock signal that are provided from an external source. 

Effects of the invention 

The effects that are obtained from the representative example of the invention disclosed in this 
application are as follows. To explain, when a dual port memory is in the read data transfer mode, by 
specifying the number of cycles of the.serial clock signal between activation and the start of the data 
transfer operation on the read data and by counting down using the counter circuit provided in the 



29 



. timing control circuit TC, the serial output operation on the read data can be started using a timing that 
is synchronized in a stable manner with the serial clock signal, and since a real time transfer of the read 
data can be performed in synchrony with the serial clock signal SC and the scanning timing of the CTR 

. {sic], stable displayed images are obtained even when the dot rate of the displayed data is increased. 

4 Brief description of the figures 

Fig. 1 is a circuit diagram showing a part of one embodiment of a timing control circuit of a 
dual port memory that uses the present invention. 

Fig. 2 is a block diagram showing one embodiment of a dual port memory that includes the 
timing control circuit shown in Fig. I. 

Fig. 3 is a timing chart of one embodiment of the read data transfer mode in a dual port 
memory shown in Fig. 2. 

Fig. 4 is a timing chart for the read data transfer mode in a dual port memory which was 
developed by the inventor of the present application in concert with other individuals before the present 
invention. 



TC: Timing control circuit 

CTR: Counter circuit 
AG I through AG2: AND gate circuits 

NAG I : N AND gate circuit 

Nl through N4: Inverter circuits 

M-ARY1: Memory array 

SA1: Sense amplifier 

CSWl: Column switch 

RCD; Column address decoder for the random access |>on 
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SCD: 

RADB. 

AMX: 

CADB: 

REFC: 

DR1: 

DSL1: 

PNT: 

RIO: 

FC. 

SIO. 



Column address decoder for the serial access poa 

Row address buffer 

Address muliplexer 
Column address buffer 
Refresh address counter 
Data register 
Data selector 
Pointer 

Input/output circuit for the random access port 

Function control circuit 

Input/output circuit for the serial access port 



Agent: Patent agent Masao Ogawa f Seal: fllegible] 



Fig. I 
Fig. 2 
Fig. 3 
Fig. 4 
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